Sepsis continues to result in high morbidity and mortality. General anesthesia is often administered to septic patients, but the impacts of general anesthesia on host defense are not well understood. General anesthesia can be given by volatile and intravenous anesthetics. Our previous in vitro study showed that volatile anesthetic isoflurane directly inhibits leukocyte function-associated antigen-1 (LFA-1) and macrophage-1 antigen (Mac-1), critical adhesion molecules on leukocytes. Thus, the role of isoflurane exposure on in vivo LFA-1 and Mac-1 function was examined using polymicrobial abdominal sepsis model in mice. As a comparison, intravenous anesthetic propofol was given to a group of mice. Wild type, LFA-1, Mac-1, and adhesion molecule-1 knockout mice were used. Following the induction of polymicrobial abdominal sepsis by cecal ligation and puncture, groups of mice were exposed to isoflurane for either 2 or 6 h, or to propofol for 6 h, and their outcomes were examined. Bacterial loads in tissues and blood, neutrophil recruitment to the peritoneal cavity and phagocytosis were studied. Six hours of isoflurane exposure worsened the outcome of abdominal sepsis (P < .0001) with higher bacterial loads in tissues, but 2 h of isoflurane or 6 h of propofol exposure did not. Isoflurane impaired neutrophil recruitment to the abdominal cavity by inhibiting LFA-1 function. Isoflurane also impaired bacterial phagocytosis via complement receptors including Mac-1. In conclusion, prolonged isoflurane exposure worsened the outcome of experimental polymicrobial abdominal sepsis and was associated with impaired neutrophil recruitment and bacterial phagocytosis via reduced LFA-1 and Mac-1 function.
Sepsis continues to be associated with high morbidity and mortality with annual cost of $20.3 billion, accounting for nearly one-fifth of the total aggregate costs in all the hospitalizations in the United States (Torio and Andrews, 2013) . A large number of clinical trials to modify the systemic inflammatory response in sepsis were without apparent success (Marshall, 2014) . The Surviving Sepsis Campaign's guidelines for the management of severe sepsis and septic shock have been widely implemented (Dellinger et al., 2004 (Dellinger et al., , 2008 (Dellinger et al., , 2013 , but the mortality from sepsis is still high, ranging from 20 to 30% Peake et al., 2014; Yealy et al., 2014) with questionable benefit of goaldirected protocol-based care (Peake et al., 2014; Yealy et al., 2014) . These findings imply that our understanding of sepsis pathophysiology remains quite limited. The number of patients suffering from sepsis has been on the rise by 1.5% annually due to the increasing number of patients with treatment-resistant organisms, compromised immune systems, or undergoing prolonged high-risk surgery (Angus et al., 2001; Hecker et al., 2014; Martin et al., 2003) . Severe sepsis is the leading cause of death in the non-cardiac intensive care unit (Angus et al., 2001; Eissa et al., 2010) . Strategies to improve outcomes are an urgent priority.
Identification and control of the source of infection is the mainstay of sepsis management (Schorr and Dellinger, 2014) . Source control procedures such as drainage of infected fluids, debridement of infected tissues, and/or removal of infected devices are usually undertaken under general anesthesia on an emergent or urgent basis. In pediatric patients, diagnostic imaging studies for the source of infection are often undertaken under general anesthesia. General anesthesia can be provided by volatile and intravenous anesthetics. Volatile anesthetics such as isoflurane and sevoflurane are the most commonly used drugs despite their undetermined mechanism of action (Campagna et al., 2003; Hemmings et al., 2005; Perouasnsly et al., 2009) . The literature suggests that they have targets outside of the central nervous system, including targets on immune cells (Kurosawa and Kato, 2008) . Propofol is a very popular intravenous anesthetic drug and provides anesthetic effect mainly via its interaction with gamma-aminobutyric acid A receptor (Jurd et al., 2003) . Our previous in vitro investigations have demonstrated that isoflurane bound to and impaired adhesion molecules leukocyte function-associated antigen-1 (LFA-1, a L b 2 , or CD11a/CD18) and macrophage-1 antigen (Mac-1, a M b 2 , or CD11b/ CD18, complement receptor 3) (Yuki et al., 2008; . In contrast, propofol blocked LFA-1 only at the supraclinical concentrations in vitro . LFA-1 is expressed ubiquitously on all leukocytes and plays a major role in leukocyte arrest. Mac-1 is expressed largely on neutrophils, monocytes, and macrophages and primarily mediates intraluminal crawling and complement-mediated phagocytosis (Wagner and Frenette, 2008; Phillipson and Kubes, 2011) . Both LFA-1 and Mac-1 bind to intercellular adhesion molecule-1 (ICAM-1) on the endothelium for leukocyte recruitment. The clinical significance of these molecules is illustrated in the rare genetic disorder leukocyte adhesion deficiency, which is characterized by their functional deficiency and often associated with severe infection (Fischer et al., 1988; Hogg et al., 1999) .
Any iatrogenic modulation of adhesion molecule functions could have significant consequences on the outcomes of septic patients, but there is a paucity of research investigating the impact of volatile and intravenous anesthetics on sepsis pathophysiology. Because isoflurane and propofol are commonly administered to patients, typically without specific consideration about their underlying diseases, it is important to understand their impact on immune function, particularly on neutrophils, the first-defense innate immune cells (Alves-Filho et al., 2008; Williams et al., 2011) . Patients with intra-abdominal sepsis have a particularly high mortality, ranging from 22 to 90% (Hecker et al., 2014) . Here, using a using a murine cecal ligation and puncture (CLP) polymicrobial abdominal sepsis model, we tested the hypothesis that isoflurane, not propofol worsens the outcome of experimental sepsis, and found that 6-h isoflurane exposure after CLP led to increased mortality, with higher bacterial levels in tissues, decreased neutrophil recruitment and phagocytosis, and impaired LFA-1 and Mac-1 function. Understanding in vivo effect of anesthetics and their mechanism in preclinical sepsis models will allow us to provide future direction in patient-based research and to hopefully optimize our patient care.
MATERIALS AND METHODS

Mice
Mice were from Jackson Laboratory (Bar Harbor, Maine, USA) and inbred in our animal facilities. CD11a knockout mice (¼LFA-1 KO mice) (Ding et al., 1999) , CD11b (¼Mac-1) KO mice (Coxon et al., 1996) , and ICAM-1 KO mice (Bullard et al., 2007) were previously described. All mice were on the C57BL/6 background and housed under specific pathogen-free conditions, with 12-h light and dark cycles. Male mice at 8-10 weeks of age were used for the experiments.
CLP Model
All the experimental procedures complied with institutional and federal guidelines regarding the use of animals in research. Polymicrobial abdominal sepsis was induced by CLP, as previously described in Rittirsch et al. (2009) and Feng et al. (2011) . Mice were anesthetized with ketamine 60 mg/kg and xylazine 5 mg/kg given intraperitoneally. Following exteriorization, the cecum was ligated at 1.0 cm from its tip and subjected to a single, through and through puncture using an 18-gauge needle. A small amount of fecal material was expelled with gentle pressure to maintain the patency of puncture sites. The cecum was reinserted into the abdominal cavity. 0.1 ml/g of warmed saline was administered subcutaneously. Buprenorphine was given subcutaneously to alleviate postoperative surgical pain. Some groups of mice were placed on a nose cone to be continuously exposed to 1% isoflurane using isoflurane vaporizer (VetQuip; New South Wales, Australia) or were given propofol (10 mg/kg/h over 6 h) intravenously for the indicated duration. Isoflurane is often used at the concentration of 1-2% in clinical practice. 10 mg/kg/h of propofol is above the dose used in a typical clinical scenario. Mice were continously observed during anesthetic exposure and until they were fully recovered from anesthesia.
Complete Blood Count and Chemistry Measurement
Complete blood count was measured using VetScan HM2 (Abaxis; Union City, California, USA). Blood chemistry was measured using VetScan VS2 (Abaxis).
Serum and Peritoneal Cytokine Measurement
Levels of various serum cytokines were determined by using mouse Th1/Th2 kit (Meso Scale Discovery; Gaithersburg, Maryland, USA) per the company protocol.
Quantitative Organ Culture
To determine the bacterial loads in the organs and blood, tissue homogenates or blood were loaded on 5% blood agar plates (Teknova; Hollister, California, USA) after serial dilutions and incubated for 18 hours as previously described (Liu et al., 2014) . Colonies of all morphologies on plates were counted.
Peritoneal Leukocyte Count
At 6, 12, and 24 h after CLP, mice were euthanized and peritoneal lavage was performed. The number of peritoneal leukocytes was counted using TURK blood diluting fluid (Ricca Chemical; Arlington, Texas, USA), and leukocyte differential was determined by Giemsa stain (Thermo Fischer; Waltham, Massachusetts, USA).
Whole Blood Phagocytosis Assay
Mouse whole blood phagocytosis assay using fluorescein isothiocyanate labeled opsonized E. coli was performed using phagotest kit (Glycotope Biotechnology; Hidelberg, Germany) per the company protocol.
Neutrophil Binding Assay to ICAM-1 Mouse neutrophils from bone marrow were obtained using negative sorting with MACS separation column using anti-CD45R, anti-CD5, anti-CD8, and anti-CD4 antibodies (all from BD Biosciences; Franklin Lakes, New Jersey, USA) as described previously in Carbo et al. (2013) . A total of 96 wells were coated with 1 mg/ml of ICAM-1 (R&D systems; Minneapolis, Minnesota, USA) and blocked with HEPES buffered saline (HBS) containing 2% BSA. After washing, 50 ml each of HBS with either 10 mM EDTA, 2 mM Mg 2þ /Ca 2þ , or 2 mM Mn 2þ was given to each well. Some plates were pre-exposed to isoflurane for 30 min. 50 ml of neutrophil suspension in HBS (1.0 Â 10 5 cells/50 ml) was added to each well and incubated with or without 1% isoflurane for 30 min. Wells were washed and attached cells were visualized and counted.
Mouse Whole Blood Flow Cytometry for Neutrophils
Following incubation with Fc blocking antibody, surface expressions of LFA-1, Mac-1, and a 4 b 1 were probed using M17/4 (antiCD11a) antibody, M1/70 (anti-CD11b) antibody, and 9C10 (antiCD49d) antibodies (BD Biosciences), respectively. Erythrocytes were lyzed using lysis buffer. Neutrophil population was gated as anti-Gr-1 antibody positive cells.
Cells
Human embryonic kidney (HEK) cells were cultured in HEPES modified Dulbecco's modified Eagle medium/10% fetal bovine serum (FBS), and U937 cells were cultured in RPMI1640/10% FBS at 37 C, 5% CO 2 . Both cells were obtained from ATCC (Manassa, Virginia, USA). 
Statistics
Data were analyzed as indicated in the corresponding figure legends. Statistical analysis was defined as P < .05. All the statistical calculations were performed using PRISM 5 software (GraphPad Software; La Jolla, California, USA).
RESULTS
Long Isoflurane Exposure Worsens the Outcome of Polymicrobial Abdominal Sepsis
Wild-type (WT) mice exposed to 1% isoflurane for 6 h after CLP (long exposure group) had significantly higher mortality than WT mice without isoflurane (no exposure group) or those Statistical significance was evaluated using Log-rank test. * and ** represent P < .05 and .01, respectively versus WT without isoflurane (or propfol). CLP, cecal ligation and puncture.
exposed to 1% isoflurane for 2 h (short exposure group)( Figure  1A ). Two-hour exposure and 6-h exposure were chosen to reflect "short" and "long" anesthesia cases in our clinical practice. Previously we demonstrated in vitro that isoflurane directly inhibited adhesion molecule LFA-1 and Mac-1 (Yuki et al., 2008) . As a reference, and in order to parse out the mechanism of isoflurane effects, we performed CLP experiments in LFA-1 and Mac-1 KO mice. LFA-1 KO mice had poorer survival than WT
The effect of isoflurane on liver and kidney functions after CLP. Liver and kidney functions were assessed after CLP in no and long isoflurane exposure groups of mice. Data represent mean 6 SD of 8 mice. Statistical analysis was performed using 1-way analysis of variance with Bonferroni post hoc analysis.
FIG. 3.
The effect of isoflurane exposure on tissue and blood bacterial levels after CLP. Bacterial loads in blood (A), lung (B), spleen (C), and liver (D) at 6 h after CLP was compared among WT mice in no, short and long isoflurane exposure groups, LFA-1 KO and Mac-1 KO mice. Blood and tissue bacterial loads were shown as mean 6 SD of 8 mice. Statistical significance was evaluated using Kruskal Wallis test with Dunn's multiple comparisons. In figures, * and ** represent P < .05 and .01, respectively versus WT mice without isoflurane exposure. CFU, colony forming unit.
mice without isoflurane exposure ( Figure 1B) . However, the mortality of LFA-1 KO mice exposed to 1% isoflurane for 6 h after CLP was not different from that of WT mice exposed to 1% isoflurane for the same duration ( Figure 1B) . Similarly, Mac-1 KO mice had higher mortality than WT mice without isoflurane exposure ( Figure 1C ). Exposure to 1% isoflurane for 6 h increased mortality of both WT and Mac-1 KO mice to the same level ( Figure 1C ). In contrast, high-dose propofol exposure after CLP did not affect the outcome of WT mice ( Figure  1D ). In the following, we studied mice exposed to 1% isoflurane for 6 h to understand the underlying mechanism of their poorer outcomes.
Long Isoflurane Worsens Kidney Function
Because long isoflurane exposure after CLP significantly worsened the outcome of mice, we examined liver and kidney functions. Although liver function was not different at 6 and 24 h after CLP, kidney function was significantly worse in isofluraneexposed mice (Figure 2 ). This result was in line with the previous mortality result.
Long Isoflurane Exposure Increases Bacterial Loads after CLP
We next examined bacterial loads in the lung, spleen, liver, and blood. The long exposure group in WT mice had higher bacterial loads in all the tested tissues than the no and short exposure groups in WT, LFA-1, or Mac-1 KO mice (Figs. 3A-D) .
Isoflurane Exposure Reduces Neutrophil Recruitment to the Abdominal Cavity
To understand the cause of the increased mortality and higher bacterial loads following long isoflurane exposure, we first examined the impact of isoflurane on leukocyte counts in peripheral blood and the abdominal cavity. Isoflurane exposure did not result in differences in peripheral blood leukocyte counts (Supplementary Figure S1) . In the abdominal cavity, neutrophils were the major population at 6 and 12 h after CLP, while macrophages were the primary constituents at 24 h ( Figure 4A ). Both short and long isoflurane exposures reduced the number of recruited neutrophils at 6 and 12 h after CLP while only long exposure reduced the number of macrophages at 12 h after CLP ( Figure 4A) . By 24 h, isoflurane exposure did not have any effect on neutrophil or macrophage recruitment ( Figure 4A ). Our findings thus far demonstrated that isoflurane impairment of leukocyte recruitment, while only transient, has profound effects on sepsis outcomes. Previously Prince et al. (2001) defined the peritoneal emigration (recruitment) ratio as peritoneal leukocyte number/peripheral leukocyte number to compare the degree of leukocyte migration to the abdominal cavity in mice with different total numbers of leukocytes (Supplementary Table S1 ). We evaluated the emigration ratio in studies with KO mice. In WT mice, both short and long exposures led to lower emigration ratios at 6 and 12 h after CLP, consistent with the previous experiment ( Figure  4B ). LFA-1 KO mice showed very limited recruitment, while Mac-1 KO mice did not demonstrate any limitation in leukocyte   FIG. 4 . The effect of isoflurane exposure on leukocyte migration to the abdominal cavity. A, The number of total leukocytes, neutrophils and macrophages in the peritoneal cavity at 6, 12, and 24 h after CLP. The data represent mean 6 SD of 4 mice. Statistical analysis was performed using 2-way analysis of variance with Bonferroni post hoc analysis. * and ** represent P < .05 and .01, respectively versus WT mice without isoflurane exposure at the same time point. B, The peritoneal leukocyte/blood leukocyte ratio 12 h after CLP. Data represent mean 6 SD of 4 mice. Statistical analysis was evaluated using 1-way analysis of variance with Bonferroni post hoc analysis versus WT mice without isoflurane exposure. In figures, * and ** represent P < .05 and .01 versus WT without isoflurane exposure. Separate, statistical analysis was also performed among Mac-1 KO mice. þ and þþ denote P < .05 and .01, respectively versus Mac-1 KO mice without isoflurane exposure. recruitment but had reduction after isoflurane exposure, as in WT mice, suggesting that LFA-1 would be the major determinant for leukocyte recruitment within the peritoneum. Both LFA-1 and Mac-1 bind to ICAM-1 on the endothelium for leukocyte recruitment. As expected, ICAM-1 KO mice had very limited leukocyte recruitment ( Figure 4B ).
Isoflurane Exposure Impairs Bacterial Phagocytosis in Neutrophils
Mac-1 binds to several ligands including ICAM-1 and iC3b. Its binding to iC3b facilitates complement-mediated phagocytosis. Because our data suggest the impairment of Mac-1 function by isoflurane, we examined bacterial phagocytosis. Peritoneal neutrophils from mice exposed to isoflurane revealed less bacterial phagocytosis as fewer neutrophils were seen containing engulfed bacteria ( Figure 5A ). Although LFA-1 KO mice phagocytized normally, Mac-1 KO mice had impairment. Neutrophils exposed to isoflurane ex vivo phagocytized fluorescently labeled E. coli less ( Figure 5B ).
Isoflurane Inhibits LFA-1 and Mac-1 Binding to ICAM-1 We previously reported that isoflurane blocked the binding of LFA-1 and Mac-1 to ICAM-1 in a cell-free system (Yuki et al., 2008) . The direct binding of isoflurane onto LFA-1 was structurally confirmed (Yuki et al., 2008 (Yuki et al., , 2012 Zhang et al., 2009) . LFA-1 and Mac-1 presumably takes different conformations depending on its activation status and binds to ICAM-1 only when activated (Nishida et al. 2006 ). Here we examined the effect of isoflurane on LFA-1 or Mac-1 binding to ICAM-1 using neutrophils. Mn 2þ was used as an activator because it activates these adhesion molecules directly without the involvement of inside-out signals and allows us to exclude the possible impact of isoflurane on inside-out signals (Dransfield et al., 1992; Sanchez-Martin et al., 2004) . Isoflurane blocked the binding of neutrophils from WT, LFA-1 KO and Mac-1 KO mice to ICAM-1, suggesting its binding inhibition of LFA-1 and Mac-1 to ICAM-1 ( Figure 6A ). Importantly, isoflurane did not change LFA-1 expression on neutrophils in CLP model ( Figure 6B ), which further supports the direct interaction between isoflurane and LFA-1. In contrast, isoflurane attenuated Mac-1 expression in CLP model, suggesting isoflurane can perturb Mac-1 activity using multiple mechanisms ( Figure 6B ). In addition to LFA-1, integrin a 4 b 1 reportedly plays some role in neutrophil migration by binding to its ligand VCAM-1 (Burns et al., 2001) . The expression of a 4 integrin on neutrophils was relativity low compared with other surface markers ( Figure 6B ), but LFA-1 KO mice were still able to recruit a very small number of leukocytes, implying a 4 b 1 involvement. Isoflurane did not change the binding of a 4 b 1 to VCAM-1 (Supplementary Figure S2) . Taken together, these results suggest the underlying mechanism of reduced with no isoflurane exposure; (c) and (d), WT mice with isoflurane short exposure; (e) and (f), WT mice with long isoflurane exposure; (g) and (h), LFA-1 KO mice with no isoflurane exposure; (i) and (j), Mac-1 KO mice with no isoflurane exposure. Arrows indicate bacteria. Scale bar 10 mm. B, Whole blood phagocytosis assay using fluorescent E. coli. Mice in the short isoflurane exposure group received 1% isoflurane for 2 h and then were kept in cages for 4 h before blood collection. The long exposure group received 1% isoflurane for 6 h and then blood was collected immediately. Gated on neutrophil population. Data represent mean 6 SD of 4 mice. Statistical significance was analyzed using 1-way analysis of variance with Bonferroni post hoc analysis. * and ** denote P < .05 and .01, respectively versus mice without isoflurane exposure. MFI, mean fluorescence intensity.
recruitment by isoflurane was primarily due to the change of LFA-1 function.
Long Isoflurane Exposure Group Did Not Attenuate Systemic Inflammation
The previous report by Herrmann et al. (2013) demonstrated that volatile anesthetics reduced systemic proinflammatory cytokine levels after CLP with survival benefit in mice. Six hours of isoflurane exposure did not affect systemic proinflammatory cytokine levels ( Figure 7A ). However, it attenuated TNF-a production in the peritoneal fluid ( Figure 7B ). TNF-a could active peritoneal neutrophils and macrophages. Therefore, the reduction in TNF-a in the peritoneal fluid might attenuate their functions at the site of infection.
DISCUSSIONS
Here we demonstrated that prolonged isoflurane exposure worsened the outcome of experimental polymicrobial abdominal sepsis. Short isoflurane exposure and prolonged propofol exposure did not affect the outcome of septic mice. Prolonged isoflurane exposure was associated with higher bacterial loads in tissues along with the impairment of neutrophil recruitment to the site of infection and bacterial phagocytosis. Isoflurane induced the attenuation of LFA-1 and Mac-1 functions, and prolonged isoflurane exposure might have led into the condition analog to leukocyte adhesion deficiency I temporarily that was significant enough to affect the outcome of septic mice. In infection, neutrophils are first recruited to the site of infection and migrate across the endothelium. In our study, deficiency of LFA-1, not Mac-1 significantly impaired neutrophil recruitment to the peritoneal cavity. Two major transmigration pathways have been known. In "paracellular pathway", neutrophils arrest on the endothelium via LFA-1: ICAM-1 interaction, crawl for the cell-cell junctions via Mac-1: ICAM-1 interaction and transmigrate there (Phillipson et al., 2006) . In "transcellular pathway", neutrophils pass through the endothelial cells, which do not necessitate crawling but still requires the LFA-1: ICAM-1 interaction. Blockade of LFA-1 would hinder both pathways, but blocking only Mac-1 spares transcellular pathway. This can explain our finding of the near abolishment of migration to the abdominal cavity in LFA-1 KO while Mac-1 KO mice had normal migration. Integrin a 4 b 1 is also suggested to play a role in neutrophil migration (Burns et al., 2001) , but isoflurane did not affect the expression of a 4 b 1 or its binding to VCAM-1. Taken together, we can conclude that the impairment of neutrophil migration FIG. 6 . The effect of isoflurane on LFA-1 and Mac-1 on primary neutrophils. A, The binding of ICAM-1 to LFA-1 and Mac-1 was evaluated using neutrophils from WT, LFA-1 KO and Mac-1 KO mice with or without isoflurane exposure. As controls, LFA-1 blocking antibody M17/4 (15 mg/ml) and Mac-1 blocking antibody M1/70 (15 mg/ml) were used. Data are shown as mean 6 SD of quadruplicates. Statistical analysis was performed using 1-way analysis of variance with Bonferroni post hoc analysis. * and ** denote P < .05 and .01, respectively versus WT neutrophils with Mn 2þ activation group. Among LFA-1 KO neutrophils, þ and þþ denote P < .05 and .01, respectively versus LFA-1 KO neutrophils with Mn 2þ activation. Among Mac-1 KO neutrophils, # and ## denote P < .05 and .01, respectively versus Mac-1 KO neutrophils with Mn 2þ activation. B, The expression of LFA-1, Mac-1, and a 4 b 1 on neutrophils were examined at 12 h after CLP using flow cytometry. Data show mean 6 SD of 4 mice.
Statistical analysis was performed using 1-way analysis of variance with Bonferroni post hoc analysis. MFI, mean fluorescence intensity. * and ** denote P < .05 and .01, respectively.
by isoflurane was due to the functional impairment of LFA-1. We did not show direct interaction of isoflurane with LFA-1 in vivo. However, we believe there is a direct interaction in vivo because isoflurane blocked the binding of extracellularly activated LFA-1 (via Mn 2þ ) to ICAM-1 on primary neutrophils, and isoflurane did not affect LFA-1 expression in vivo.
Neutrophils engulf IgG-opsonized targets via Fcc receptor and complement-opsonized targets via complement receptors, including Mac-1 (Nordenfelt and Tapper, 2011) . A prior study demonstrated that neutrophil bacterial phagocytosis in a CLP model was complement receptor-dependent (Prodeus et al., 1997) . As expected, phagocytosis in Mac-1 KO mice was impaired in our model. And isoflurane attenuated bacterial phagocytosis in vivo and ex vivo. However, isoflurane attenuated Mac-1 surface expression in this study, and we cannot conclude a direct interaction of isoflurane with Mac-1 in vivo.
Significantly higher bacterial loads in tissues were observed in 6 h of isoflurane exposure group. The suppression in leukocyte migration seen after isoflurane exposure was reversible and recovered to nonexposure levels after 24 h. The fact that a fairly short suppression in immune function by 6 h of isoflurane can lead to increased bacterial levels and increased mortality presumably relates to the short doubling time of bacteria. Two hours of suppression would not be long enough to demonstrate significant difference in bacteria loads. We did not monitor the blood pressure of the mice during anesthetic exposure in this study. It is possible that isoflurane administration may have caused more hemodynamic compromise than propofol administration, leading to tissue hypoperfusion. We cannot exclude this as an alternative mechanism to explain our findings. Our result was compatible with the previous study by Herrmann et al. (2013) . They tested 2 h of isoflurane exposure in CLP model, and noted no difference in bacterial loads and outcomes. Six hours of isoflurane exposure is not uncommon, and our result may indicate the possible disadvantage of using isoflurane for a longer duration.
Sevoflurane is another volatile anesthetic used commonly and also inhibits LFA-1 in vitro (Yuki et al., 2010) , and it is necessary to evaluate in vivo. The study by Herrmann et al. showed that 2 h of sevoflurane exposure attenuated systemic proinflammatory cytokines and improved survival. However, it is unclear if longer exposure poses a similar effect. Further investigation is required. We also tested commonly used intravenous anesthetic propofol at high dose for 6 h, and did not find any difference in outcomes. Notably, one small study that compared the intravenous anesthetic propofol versus isoflurane anesthesia in patients undergoing abdominal surgeries demonstrated that the isoflurane arm had increased incidence of postoperative infection (Von Dossow et al., 2007) . The sample size in this study was small and additional studies are needed to validate this finding.
In conclusion, we demonstrated that prolonged isoflurane exposure worsened the outcome of experimental polymicrobial abdominal sepsis in mice and was associated with impaired neutrophil recruitment and bacterial phagocytosis via reduced LFA-1 and Mac-1 function. In contrast, propofol did not affect the outcome of septic mice.
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